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D s riptlpn ? 

this invention relates to conjugates which comprise polypeptides incorporating an antigenic determinant 
coupled to a carrier, to their preparation and to their use in raising antibodies. 

5 The arms of a good vaccine should be to provide a rapid onset of immunity that is of long duration and 

provides immunological memory for a subsequent inoculation or encounter with the infectious agent The vac- 
cine formulation must also be easy to administer, stable, have minimal side effects and produce broad protec- 
tion in the recipient These aims are largely met by many existing commercial products. However, conventional 
vaccines based on inactivated infectious agents do present problems. These include the undefined nature of 

10 the immunizing antigen, whether the product is truely innocuous, risk associated with handling large amounts 
of infectious material, stability and limitations on the mode of presentation, generally resulting from problems 
ofstabiity. 

In an attempt to produce more stable and defined vaccines scientists have been studying the immune re- 
sponse to many infectious agents in detail in order to identify the critical epitopes involved in providing protec- 
ts trve immunity. Armed with this knowledge it is now possible to mimic such epitopes by producing short peptides 
and to use these as the basis of a vaccine. The advantages of such peptide based vaccines are numerous. 
They are chemically defined, stable indefinitely and no infectious material is involved in their manufacture. Fur- 
thermore, they can be designed to stimulate the appropriate immune response and provide the opportunity 
for using novel delivery systems and for targeting the antigen. From the manufacturers viewpoint they should 
20 also reduce the need for a large scale production plant and for complex downstream processing of the product 
Despite these dear advantages a number of criticisms have been levelled at peptide-based vaccines. 
These include the requirements for undefined carrier proteins and the belief that the immunogenictty of a pep- 
tide antigen could never approach that of the native organism. It was generally assumed that due to their rel- 
atively small molecular size many synthetic peptides would behave like haptens and would require coupling 
25 to a large "foreign" protein carrier to enhance their immunogenictty. Immunization with such conjugates often 
resulted in the production of antl-peptide antibodies that totally failed to recognise the native protein or infec- 
tious agent due to the method of peptide/carrier linkage. Other problems, of particular relevance to vaccination, 
that could be encountered were hypersensitivity to the "foreign* carrier protein and poor batch to batch repro- 
ducibility of the conjugates. 

30 There has recently been interest in the use of hepatitis B core antigen (HBcAg) as a carrier protein. Clarke 

et a), Nature 330. 381-384, 1987 describe a fusion protein composed of the major antigenic site of the VP1 
capsid protein of foot-and-mouth disease vfrus (FMDV) fused to the amino- ter minus of HBcAg. The fusion pro- 
tein self-assembled into regular 27 nm core-like particles. These particles were almost as immunogenic with 
respect to FMDV as the native virus itself. 

35 .« EP^A-0271302 claims immunogenic polypeptide conjugates comprising HBcAg operativety linked through - 
an amino add residue side chain to a polypeptide immunogen. It also claims immunogenic fusion proteins com- 
prising HBcAg protein operative^ linked by a peptide bond to a pathogen related immunogen. Specific T cell 
stimulating polypeptides are claimed too. 

We have investigated chemically coupling polypeptides to HBcAg particles. Each time, however, satisfac- 

40 tory results could not be obtained. In particular 

1. We sought to couple hepatitis B surface antigen (HBsAg) to HBcAg via side chain amino groups on 
HBcAg by derivatistng the HBcAg particles with succinimklyl-4-(N-maleimido-methyl>-cydohQxane-1- car- 
boxylate (SMCC). tittle or no derivatisation of the HBcAg par tides occurred. 

2. The approach in 1. was repeated but using rrwTialetmido- benzoyl- hl-hydroxysucdnimide ester (MBS) 
4$ instead of SMCC. Again, little or no derivatisation of the HBcAg particles occurred. 

3. Coupling of HBsAg to HBcAg par tides was tried with glutaraldehyde. Coupling occurred at a high con- 
centration of glutaraldehyde. However, the glutaraldehyde badly damaged the HBsAg. There was a se- 
verely reduced response to HBsAg when the resulting complexes were administered to mice. 

4. We sought to couple a Cys-containin g FMDV VP1 1 41 -1 60 peptide to side chain amino groups on HBcAg 
so using bis(maleimide)methyt ester (BMME). The HBcAg partides were reduced, derivatised with BMME and 

reacted with the peptide. Although coupling occurred, only low antibody responses to FMDV were induced 
by the resulting material. 

In order to overcome these difficulties, we expressed a fusion protein composed of a short tys-containing 
sequence fused to the amino terminus of HBcAg. We then coupled peptides to this modified HBcAg protein 
55 via the side chain amino group of the tys residue. Coupling proceeded successfully. The resulting conjugates 
raised both antipeptid and neutralising antibody. The method is simpl . efficient and can allow the peptide 
to be coupled in a defined operation. 

Accordingly, the present inventi n provides partides which are composed of HBcAg provided with a N- 
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terminal extension incorporating a Lys residue within the first fourteen N-terminal amino acid residues f the 
xtension and to which are coupled via th side chain amino group of the said Lys residue a polypeptide which 
presents an antigenic epitope. 

Any desired polypeptide may be coupled to th modified HBcAg particles. However, present on the poly- 
peptide there needs to be a group such as -NH 2 or-SH capable of being coupled to the side chain amino group 
of the Lys residue in the N-terminal extension of HBcAg. The polypeptide typically presents a foreign epitope. 
I.e. an epitope which is not an epitope of HBcAg. 

The polypeptide may comprise an antigenic epitope capable of raising neutralising antibody, for example 
an epitope of an infectious agent such as a virus, bacterium or protozoan. It may be an epitope of a non-infec- 
tious agent such as a growth hormone fragment The polypeptide may comprise repeats of an epitope, for ex- 
ample up to eight or up to four copies of an epitope. Two copies of an epitope may therefore be present in the 
polypeptide. A polypeptide may comprise two or more different epitopes, for example three or four. 

As examples of viruses whose epitopes may be presented there may be mentioned hepatitis A virus, hep- 
atitis B virus, influenza virus, foot-and-mouth disease virus, poliovirus, herpes simplex virus, rabies virus, hu- 
man immunodeficiency virus type 1 (HIV-1), HIV-2, simian immunodeficiency virus (SIV), human rhinovirus 
(HRV), dengue virus and yellow fever virus. The polypeptide coupled to the modified HBcAg may be therefore 
HBsAg or a polypeptide comprising the major FMDV VP1 antigenic site. A protozoan whose epitopes may be 
provided is the malaria parasite Plasmodium falciparum. 

A peptide incorporating the major FMDV VP 1 antigenic site which may be employed comprises a sequence 
starting at a residue from 1 37 to 142 and ending at a residue from 1 60 to 1 62 of VP 1 of FMDV, for example of 
any of the FMDV serotypes. Typical sequences are VP1 residues 140 to 162, 140 to 160, 137 to 162. 137 to 
160 or 141 to 160. A polypeptide comprising tandem repeats of such a sequence or mixed serotype tandem 
repeats of such a sequence can be coupled to the modified HBcAg particles. 

Suitable peptides comprising tandem repeats of the major FMDV VP1 antigenic site are peptides compris- 
ing consecutive sequences, each sequence made up of no more than 30 amino acid residues and comprising 
the same immunogenic sequence. This immunogenic sequence is: 

(i) a sequence starting at a residue of from 137 to 145 and ending at a residue from 150 to 162 of VP1 of 
FMDV sub- type 0 1t or 

(ii) a sequence of corresonding amino acid residues of another subtype of serotype 0 or of a subtype of 
a different FMDV serotype. 

The peptides may therefore be tandem repeats of an immunogenic sequence. Alternatively, a peptide com- 
posed of consecutive sequences may be provided in which one or more of the sequences comprises additional 
amino acid residues not actually part of the repeated immunogenic sequence. Such additional amino acid re- 
sidues may be present to link each immunogenic sequence. Such a linking sequence may be composed of up 
-to six amino acid residues, for example fronrH to 3; Without such linking residues, reach immunogenicsequence ^ 
is bonded directly to the next 

The peptides can comprise any number of repeats of the immunogenic sequence. For example, from two 
to eight and, more preferably, from two to four repeats may be present The peptides may or may not end at 
the C-terminal and/or N-terminal with a non-natural cysteine residue. 

The sequence comprising the immunogenic FMDV sequence consists of no more than 30 amino acid re- 
sidues. The length of the sequence depends on the length of the immunogenic sequence although additional 
linking amino acid residues and possibly a C-terminal and/or N-terminal non-natural cysteine may be present 
too. Preferably, however, each consecutive sequence is no more than 26 residues long. 

The peptides present repeats of the major FMDV VP1 immunogenic site. The major FMDV epitope Is typ- 
ically defined by at least amino acid residues 142 to 160 of the VP1 capsid protein. This applies in particular 
to serotype O t . An immunogenic sequence which may therefore be repeated is that defined by VP1 amino 
acid residues 142 to 160 of FMDV serotype O lP optionally extending down to amino add 1 37 at the N-terminal 
and/or up to amino add 162 at the C-terminal, or by corresponding amino adds of another serotype. Typical 
sequences are VP1 residues 140 to 162, 140 to 160, 137 to 162 or 137 to 160 of serotype O or A, for example 
of subtypes 0 t and A t2 . These typical sequences may be repeated twice, for example. Useful peptides are, 
using the one-letter code: 
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(137-162, O x K(137-162 r O l )-Cysi 

{ NRNAVPNLRGDLQVLAQKVARTLPTS ) 9 2 C ; 

( 137-162, 0 1 )-(137-162 # 0 1 )-Gly: 

( NRNAVPNIiRGDLQVLAQKVARTLPTS ) , 2 G; and 

{ 137-162, A x 2 )-{137-162,A 12 )-Cys: ^ 

( YSASGSGVRGDLGSLAPRVARQLPAS ) x 2 C . 

Smaller immunogenic sequences of the FMDV epitope may be presented, however. For example, the se- 
quence defined by VP1 residues 145 to 150 of serotype O, may be presented in this way. Consequently, the 
FMDV sequence which can be repeated may be defined more broadly by VP1 residues 1 45 to 1 50 of serotype 
O fl optionally extending down to amino acid 137 at the N-terminaJ and/or up to amino acid 162 at the C-ter- 
minal, or by corresponding amino acids of another serotype. Useful smaller peptides are: 

(145-150, O x )-(145-160,O L )-Cys: 
RGDLQVRGDLQVLAQRVARTLPC ; and 
(145-150, O x )-(145-150,O 1 )-(145-160,0 l )-Cys: 
RGDLQVRGDIiQVRGDLQVLAQKVARTLPC . ; 

Suitable peptides comprising mixed serotype tandem repeats of the major FMDV VP1 antigenic site are 
represented by the formula (I): 

C-X-Y-Z-CT (I) 

in which X represents (i) a sequence starting at a residue from 137 to 142 and ending at a residue from 160- 
1 62 of VP1 of FMDV subtype Qi or (II) a sequence of corresponding amino acid residues of another subtype 
of serotype 0 or of a subtype of a different FMDV serotype; 

Y represents a direct bond or a linking sequence of up to six amino acid residues; 
represents a sequence defined as for Xbut of a differentserotype than t ha tof the se_quejicade noted _ 
by X; and 

C and C" each independently represent an optional cysteine residue. 

Each immunogenic sequence X and Z is defined by VP1 amino acid residues 142 to 160 of FMDV serotype 
O tt optionally extending down to amino add 137 at the N-terminal and/or up to amino acid 162 at the C-ter- 
minal, or by corresponding amino acids of another subtype of serotype 0 or of a subtype of a different FMDV 
serotype. Typical sequences are VP1 residues 140 to 162, 140 to 160, 137 to 162 or 137 to 160. 

The immunogenic sequences X and Z are of different serotypes. There are seven FMDV serotypes: O, A, 
C, Asia 1 , SAT 1 , SAT 2 and SAT 3. A useful peptide comprises O t and A 12 sequences in either order. The im- 
munogenic sequences may be linked directly or via up to six, for example from 1 to 3. amino acid residues. 
Preferably, a Oterminal non-natural cysteine residue is present Preferred peptides are, according to the one* 
letter code: 

(137-162, 0 1 )-(137-162 f A 12 )-Cys: 


NRNAVPNLRGDLQVIAQKVARTLPTS - Y S ASG SGVRGDLGS LAP RVARQL PAS—C ; and 
(137-162, A 12 )-(137«162 # O l )-Cys: 

YSASGSGVRGDLGSLAPRVARQLPAS-NRNAVPNLRGDLQVLAQKVARTLPTS-C. 

A preferred polypeptide for coupling to th modif ied HBcAg particles comprises the HRV Nlnvll pitope 
of EP-A-0287395. This epitope is defined by amino acid residues 156 to 164 of VP2 of HRV2 or equivalent 
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amino acid residues of another HRV. These amino acids may be replaced by other amino acids which do not 
affect the antigenicity of the sequence. For HRV2, the Nlm-ll sequence is 

VKAETRLNP . 

Equivalent amino acid residues of other HRVs are the VP2 amino acid residues corresponding to the VP2 
amino add residues 156 to 164 of HRV2. In other words, they can be the counterpart VP2 residues of another 
HRV serotype. These can readily be determined by lining up the VP2 sequence^ another HRV with the VP2 
sequence of HRV2. This is a straightforward matter because of the homology between VP2 sequences of dif- 
ferent types of HRV. 

The polypeptides may be relatively short peptides of up to 50, for example of up to 40 or of up to 30, amino 
acid residues. Alternatively they may be longer of up to, for example 1 00 or 200 amino acid residues in length. 
They may be proteins. They may have been obtained by chemical synthesis or by recombinant DNA method- 
ologies. 

The particles to which the polypeptides are coupled consist essentially of HBcAg provided with a N-ter- 
minal extension which incorporates a Lys residue. HBcAg self-assembles into particles 27 nm in diameter. The 
modified HBcAg's also self-assemble to form core-like par tides. More than one Lys residue may be present 
in the N-terminal extension. Up to six Lys residues, for example up to four Lys residues, may be provided. 

The N-terminal extension may have any appropriate length provided the HBcAg with the extension can 
self-assemble into core-like par tides and provided a Lys residue in the extension is exposed available for cou- 
pling. The extension may be up to 250, for example up to 200 or up to 100 amino add residues long. A short 
extension may be up to 60, for example up to 40, 20, 10 or 5, amino add residues long. 

A suitable extension comprises residues 95 to 1 02, for example 95 to 1 04, of the VP1 capsid protein of a 
strain of pdiovirus type 1 (PV1) such as the Sabin or Mahoney strain: 


Sabin 

PV1 

VP1 

95-102 

SASTKNKD 

Sabin 

PV1 

VPl 

95- 

104 

SASTKNKDKL 

Mahoney 

PV1 

VPl 

95- 

102 

PASTTNKD 

Mahoney 

PVl 

VPl 

95- 

104 

PASTTNKDKL 


-^^ais^bows the>sequences.accord^ 

K denotes Lys. These sequences span the proposed major antigenic site on PV1 VP1. Another suitable ex- 
tension comprises residues 1 56 to 1 64, for example 156 to 1 70, of the VP2 capsid protein of HRV2 or equivalent 
amino acid residues of another HRV. For HRV2, these residues are: 


156-164: VKAETRLNP 
156-170: VKAETRLNPDLQPTE 

The PV1- or HRV- derived sequences may be provided with linker sequences at either or each end. for 
example of up to 5 or of up to 3 amino acid residues. For any N-terminal extension of HBcAg, there is at least 
one Lys residue within the first fourteen N-terminal residues, for example one Lys residue within the first five 
or first twelve such residues or two Lys residues within the first fourteen N-terminal residues. For a selected 
polypeptide it is wished to couple, It may be appropriate to choose a HBcAg with a N-terminal extension com- 
prising a Lys residue dose to the N-terminus of the extension. Also, the N-terminal extension may desirably 
be hydrophilic. 

A modified HBcAg provided with a N-terminal extension comprising one of these sequences or any other 
sequence incorporating a Lys residue may be obtained by genetic engineering, for example according to JP- 
A-1 96299/88. More specifically, such a modified HBcAg may be btained by providing a gene encoding the 
modified HBcAg in an appropriate expression vector and xpressingth modified HBcAg In a host transformed 
with th vector. 

A gene ncoding th modified HBcAg may b prepared by synthesising a ONA s quence ncoding the 
desired N-terminal extension and, with appropriate linkers as necessary, ligating it to the 5 -end of a DNA se- 
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quence encoding , HBcAg. The resulting DNA sequence can thus be provided in an expression vector under 
the control of appropriate transcriptional and translationaJ regulatory sequences. The modified HBcAg is ex- 
pressed in a suitable procaryotfc or eucaryotic host such as a strain of E. coli . Salmonella or yeast and recov- 
ered as particles. 

An expression vector, such as a plasmid, capable of expressing HBcAg may be employed where there is 
an appropriate restriction site at the 5'-end of the DNA sequence encoding HBcAg. A DNA sequence encoding 
the desired N-terminaJ extension for HBcAg is Inserted at that s&e. A fusion protein with the N-terminal exten- 
sion linked to the amtno-ter minus of HBcAg is expressed. 

A suitable expression vector is plasmid pBc404. E. coli (JM 101) harbouring this'plasmid was deposited 
at the National Collection of Industrial and Marine Bacteria, Aberdeen, GB on 9 February 1989 under accession 
number NCIB 40111 . This plasmid codes for an ampictllinase gene as selection marker and possesses a strong 
bacterial promoter, tac located upstream of the HBcAg gene. The presence of restriction sites EcoRI and Banv 
Hl allows the insertion of a synthetic oligonucleotide coding for any desired N-terminaJ extension for HBcAg. 

Conjugates are prepared according to the invention by coupling the polypeptide presenting an antigenic 
determinant to the modified HBcAg via the side chain amino group of the Lys residue present wit hin the final 
fourteen N-terminal amino acid residues of the modif ied HBcAg. This is typically achieved by reacting the modi- 
fied HBcAg with a bifunctbnal reagent capable of linking to an amino group and to a sulphydryt group. The 
thus-derivatised modified HBcAg is reacted with the polypeptide which, if not possessing a free sulphydryl 
group, has been modified so that it does possess such a group. 

Suitable bifiinctionaJ reagents include SMCC, MBS and ^succinimidyl-a^2-pyridyldithio)proprionate 
(SPDP). The bifunctional reagents generally include a group capable of forming a peptide link and a group ca- 
pable of forming a disulphide or thioether link. A sulphydryl group may be provided on the polypeptide ft is 
wished to couple to the modified HBcAg by the provision of a N-terminal and/or C-terminal Cys residue or by 
reaction of amino functions with 2-iminothk)iane or the N-hydroxysuccinimide ester of 3-(3-dithiopyridyl)pro- 
ptonate or S-acetylthioglycolic acid. After reaction with S-acetylthioglycolic acid N-hydroxysuccinimide ester 
(SATA) deacet ylation of the SATA with, for example, hydroxylamine produces free -SH groups. 

In practice, the modified HBcAg particles are generally provided in a buffer such as phosphate buffer at 
a pH of about 7. A molar excess of the bifunctional agent in an inert solvent for example an aprotic organic 
solvent such as dimethytformamide, Is added. Derivatisatlon of the HBcAg particles occurs. Excess of the bi- 
functional agent is removed, by f Btration for example. Excess of the polypeptide to be coupled to the HBcAg 
particles is then added. Coupling occurs and the resulting conjugates composed of the polypeptide linked to 
the modified HBcAg particles are recovered, for example by filtration. 

The modified HBcAg core particles may be carboxymethylated before use. The purpose of this is to block 
sulphydryl groups on the core particles prior to derivatisation and therefore to prevent core proteins from cross- 
linking when a bifunctional reagent Is used to cc^ple the N-terminal side chain amino group^on the core par- *v 
tides to a -SH group on a polypeptide. Carboxymethylation can be achieved by reacting the core particles with 
iodoacetamide. Excess reagent can be separated by gel f Btration or dialysis. 

The conjugates are useful for raising antibody to the antigenic determinant presented by the polypeptide 
linked to the HBcAg particles. The conjugates therefore may be used as vaccines for humans or animals. Vac- 
cination is achieved by administering to a human or animal an effective amount of the conjugate. An oral route 
or a parenteral route such as sub-cutaneou§ly, intravenously or intramuscularly may be adopted. Typically, the 
conjugate is administered in an amount of 1 to 1,000 ug per dose, more preferably 10 to 100 ug per dose, by 
either the oral or the parenteral route. ' 

For administration, a conjugate is typically formulated with a pharmaceutically acceptable carrier or dilu- 
ent Conventional formulations, carriers, adjuvants and diluents may be employed. These will of course be de- 
termined by the route of administration. Suitable carriers and dSuents include Freund's incomplete adjuvant 
(IFA), aluminium hydroxide, saponin, DEAE-dextran, muramyl dipeptkJe, mineral oils, neutral oils such as mi- 
glycol. vegetable oils such as arachis oi, "Iscoms", liposomes. Pluronlc (trade mark) polyols or the Ribl adjuvant 
system (GB-A-21 89141). 

The following Examples illustrate the invention. In the accompanying Figure plasmid pBc404 is shown. B, 
E and P denote restriction sites for BamHI, EcoRI and Psti respectively; tac denotes the tac promoter; ori de^ 
notes the origin of replication; bla denotes ^lactamase and SD denotes the Shine-DaJgarno sequence. 

Example 1: Preparation of HBcAg provided at its N-terminus with a short extension comprising PV1 Maho- 
ney VP1 residu s 95 to 104 (PV core) ' ' 

An expression plasmid for PV core was prepared, based on th parent plasmid pBc404 shown in the Figure. 
Synthetic oligonucleonucleotides representing amin acids 95 to 104 of VP1 from PV1 Mahoney were ligated 
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intopBc404u8lngT4llgas by standard procures. The synthetic oligonucleotides howthev a nn« a if^ n~ 
and the coding sequence of the ^terminal extension are as follows: ■ """^ h ° Wlh8yanneaJ ***** 

1 . aattcagataatcgggctagtactacgaacaaagAtaag (39) 

2. GATCCTTATCTTTGTTGGTAGTACTAGCCGGATTATCTG (39) 

AATTCAG ATAATCCAGC TAGTACTACC AACAAAGATA AG 

GTC TATTAGGTCG ATCATGATGG TTGTTTCTAT TCCTAGG 


10 20 30 40 

ATGAATTCAGATAATCCAGCTAGTACTACCAACAAAGATAAGGATCC core 

MNS D NPAS TTNKD K D 
I IL- ; I 

LINKER POLIOVIRUS 


Bacteria (E^ooN JM 101) harbouring the recombinant plasmid were induced for exoression usirm fin „«mh 
30 ,° f ^^ Wh ^^Py«no*e (IPTG) for 6 hours. Cells were harvSed l 8 X 

Supernatant samples were fractionated on 15-45% linear sucrose gradient at 50000 mm for 1 hn„n^<~_ 
55 tnfugaoon at 40000 rpm for! hour or used directly for derivatisation after dialysis of sucrose^ 


iff.-. - r : * 


50 


55 


Example 2: Coupling of the peptide composed of FMDV VP1 residues 141-160 . which has also a C-terml. 
nal Cys residue. (FMDV 141-160 Cys) to PV coTei ». wnicnnasaisoa C-termk 

PV cores, purified on two consecutive sucrose gradients, were passed at a concentration of 5 mo/ml In in 
phate byfer at a concenlrationcf 2 mg/mJ were then derivatised by adding 1/20 volume^SccSssohS 

inmTnhSnl^f ^ ^P^ 3 ^' SMCC was removed by filtration through Sephadax 6100 in 
inl P S P "SM* ^ Fre8My diSSotved FMDV 141 - 160 Cys was added In 1/10 volume to <Z a 

fa^nou«. uncoupled pept.de was separated from the derivatised PV cores by filtration through SephJd« 
G200. The PV cores with the peptide attached were recovered. ^ 

Example 3: C oupling of HRV2 peptide to PV cores 
arKf^TShVs^e^^ 

VKAETRLNPDLQPTC 
wes coupled to PV cores. The PV cores with peptide attached were recovered. 
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Example 4: Carboxymethylation of PV cares 

PV cores after dialysis of sucrose and concentration by centrifugation were reacted in an amount of 200 
jig/ml with 10mM iodoacetamide in 0.5M Tris, pH 8.0, for 1 hour at room temperature in the dark. Excess re- 
agent was separated from the thus carboxymethyiated PV cores by gel filtration. 

Example 5: Coupling of hepatitis B surface antigen (HBsAg) to carboxymethyiated PV cores 

Carboxymethyiated PV cores from Example 4 were derivatised with an equimolar amount of SMCC in dh 
methyfformamide (DMF). The amount of SMCC was one-twentieth the volume of DMF. HBsAg particles ex- 
pressed in yeast were derivatised at 200 pg/ml with S-acetyfthioglycoiic acid N-hydroxysuccinirntde ester 
(SATA), again at equimolar ratios in DMF. The amount of SATA was also one-twentieth the volume of DMF. 
After deacet ytatf on of the SATA wit h hydroxy! amine to produce free -SH groups, equal volumes of the two der- 
ivatised particles, each of 200 pg/mJ, were mixed. The PV cores with HBsAg attached were recovered. 

Example 6: Coupling of FMDV peptide and HRV2 peptide to carboxymethyiated PV cores 

The FMDV 141-1 60 Cys peptide was coupled to carboxymethyiated PV cores in accordance with Example 

5. In a separate experiment, the HRV2 peptide described In Example 3 was coupled in the same way to car- 
boxymethyiated PV cores. In both cases, however, derivatisation was effected in 50mM phosphate buffer, pH 
7.8, followed by transfer to 50mM phosphate buffer, pH 6.8, as quickly as possible after derivatisation to sta- 
bSise the maleimide group. 

Example 7: Test results analysing the coupling of FMDV peptide and of HRV2 peptide to PV cores 

Tests were carried out to analyse the PV cores with FMDV peptide attached, obtained in Examples 2 and 

6, and with HRV2 peptide attached, obtained in Examples 3 and 6, as follows: 

(a) Polyacrylamide gel electrophoresis. This showed that all of the core protein had been shifted to a higher 
molecular weight due to the addition of peptide. 

(b) Western blotting. Following gel electrophoresis proteins were transferred to nitro cellulose and reacted 
with antfcore or antipeptide antisera. The results showed that the higher molecular weight forms of the 
protein appearing after coupling reacted with both antisera as expected. 

(c) EUSA. 

(i) Assays were performed by a sandwich method in which anticore antiserum bound to the EUSA plate 

antiserum. These showed that the derivatised particles had both core and peptide antigenicity. 
(0) Titration by EUSA of anti-HRV2 peptide antiserum against fusion core particles where the HRV2 
peptide sequence was fused to the N-terminus of the core protein and against PV cores to which the 
HRV2 peptide was coupled gave similar results. As equal amounts of the two particles were used in 
the assay, the antigenic activity of the N-terminal fusion particles and the chemically coupled particles 
was substantially the same. The anti-HRV2 peptide antiserum was antiserum raised against the HRV2 
peptide attached in Examples 3 and 6. 

(d) Sucrose density gradients. This analysis showed that coupling of the FMDV peptide to cores resulted 
in particle aggregation. They pelleted to the bottom of the tube. PV cores coupled with HRV peptide sedK 
mented to the same position as untreated cores and had both core and peptide immunogenicity by EUSA. 

(e) Electron microscopy. PV cores coupled to HRV2 peptide have been examined and are regular looking 
particles. Electron microscopy of immune complexes formed between PV cores coupled to HRV2 peptide 
and anti-HRV2 peptide antiserum showed that the core particles were linked by antibody. 

(f) Immunogenicity. 

(0 FMDV peptide coupled to cores gave neutralizing activity with <20ug of coupled material (<2yg pep- 
tide). 

(fi) The immunogenic activity of the HRV2 peptide N-terminal fusion core particles and the chemically 
coupled particles was compared in guinea pigs using 20 pg doses of each antigen. The antisera were 
tested at various times post-injection by ELISA against the KRV2 peptide. The results were: 
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10 


15 


boost 


pay chemically c upled core 

0 <1 

14 2.9 

28 3.9 

56 3.9 

63 4.1 

70 4.1 

84 4.2 


fusion core 

<1 

2.3 

3,3 

4.0 

3.9 
3.9 
3.9 


20 


25 


30 


40 


The antigens were injected intramuscularly in incomplete Freunds adjuvant 
Example 8: Preparation of FMDV tandem repeat peptides 

The peptides shown below were synthesised by the solid-phase method. More specifically, synthesis was 
carried out using an adaption of the Merrif ield technique (Merrifield, JACS 85 2149-2154, 1963) described by 
Houghten (Houghten, Proc. Natl. Acad. Sci. USA 82 5131-5135, 1985). Each peptide has an additional fion- 
natural cysteine residue at its C-terminus except for peptide 199 which has a C-terminaJ non-natural glycine 
residue. 

Each peptide was synthesised on a p-methyl-benzhydrylamine divinylbenzene resin. The alpha-amino 
protecting group on each amino acid was t-butoxycarbonyl (Boc). Each coupling cycle was as follows: 

1. Wash resin with dichioromethane - 10 minutes 

2. Wash with 5% diisopropytethyi amine in dichioromethane - 2 minutes x 3 

3. Dichioromethane wash - 1 minute x 2 

4. Couple t-butoxycarbonyl amino acid dichioromethane, 0.3M diisopropylcarbodiimide - 60 minutes 

5. As3 

6. Deprotect wittr 50% trrfhjoroacetfc acid in dichioromethane - 20 minutes^'^---^*-.*-^-"^ -~ 
* 7. Dichioromethane wash - 1 minutes x 6 

8. Return to 2. 

- When the coupling cycles were completed the peptide was cleaved off the resin using hydrogen fluoride 
for 1 hour with an anisole scavenger 1 0%. The peptide was thus obtained with a carboxy- terminal amide group. 
It was then ether washed, dried, dissolved in 15% acetic acid and iyophDized. 
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VIRUS - PEPTIDE REFERENCE 
5 NUMBER 

FMDV 137-162-137-162-Cys 198 

o x /o x o t o x 

10 

{NRNAVPNLRGDLQVLAQKVARTLPTS ) % 2 C 
FMDV 137-162-137-162-Gly 199 
1S 0 x /0x 0 X 0 X 

( NRNAVPNLRGDLQVLAQK VARTL PTS ) i2 G 
FMDV 137-162-137-162-Cys 315 
20 Q X /0 X 0 X 0 X 

{ NRNAVPNLRGDLQVLAQKVARTLPTS ) R 2 C 
FMDV 137-162-137-162-Cys 318 
A l2 B/A 12 B A X 2 A i2 

( YSASGSGVRGDLGSLAPRVARQLPAS ) K a C / 
FMDV 145-150-145-150-145-160-Cys 112 

o x /o x /o x o x o x o x 

RGDLQVRGDLQVRGDLQVLAQKVARTLPC 
FMDV 145-150-145-160-Cys 113 

t^i.v j^to *^-^Qy"-"~'*^^^'* ^v*^**^*^;**^^^ ^^^...^r*? ^y***^.^;**^^*^^^* 

RGDLQVRGDLQVLAQKVARTLPC 

40 

Example 9: P reparation of FMDV mixed serotype tandem repeat peptides 

The peptides shown below were synthesised by the solid-phase method described in Example a 
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10 


13 


20 


30 


35 


REFERENCE 

NUMBER 

316 


317 


VIRUS PEPTIDE 


FWDV 137-162-137-162-Cys 

NRNAVPNLRGDLQVLAQKVARTLPTS- 
YSASGSGVRGDLGSLAPRVARQLPAS-C 

PMDV* 137-162-137-162-Cys 

A 12 B/0 x A X2 B 0 X 

YSASGSGVRGDLGSLAPRVARQLPAS- 
NRNAVPNLRGDLQVLAQKVARTLPTS-C 


Example 10: Preparation of H BcAg provided at its N-terminus with an extension compris ing HRV2 VP? msi 
dues 156 to 170 (HRV2 core) ~ " a 

To construct chimaeric fusion particles coding for a specific N-terminal HRV2 VP2 epitope comprising VP2 
residues 1 56 to 170. synthetic oligonucleotides with cohesive ends for EcoRI (5*) and BamHI (3*) respectively 
were prepared using an Applied Biosystems 381 A DNA synthesiser These oligonucleotides were Ifgated into 
EcoRI-BamHI digested P Bc404 which had been purified from 1% low melting point agarose by standard meth- 
ods (Francis and Clarke, Meth. Enzymology 178, 659-676, 1989). This DNA was then transformed into E coii 
strain JM1 01 , and recombinant piasmids were restriction mapped from small scale DNA preparations. Thes^rv 
thetic oligonucleotides, how they anneal together and the coding sequence of the N-terminaJ extension are: 

1 . AATTCAGTTAAAGCGGAAACGCGTTTG 
2. AACCCAGATCTGCAACCGACCGAATGCCGG 
: 3 ; GATCGCGGGATTCGGTCGGTTGCA - --=,= v 
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4. GATCTGGGTTCAAACGCGTTTCCGCTTTAACTG 

AATTCAG TTAAAGCGGA AACGCGTTTG AACCCAGATC TGCAACCGAC 
GTC AATTTCGCCT TTGCGCAAAC TTGGGTCTAG ACGTTGGCTG 
CGAATCCGC w 
GCTTACGGCC CTAG 

30 

ATG AAT TCA GTT AAA GCG GAA ACG CGT TTG AAC CCA GAT 
MNSVKAETR LNPD 

; J J = 


LINKER HRV.2 VP2 EPITOPE 

20 60 

CTG CAA CCG ACC GAA TGC CGG GAT CC core 

L OP TECRD 

I 


Bacteria harbouring recombinant plasmids were grown overnight in L-Amp medium to high cell density and 
dButed with fresh L-broth (1 :1 0) the following day. Expression was routinely induced by the immediate addition 
of IPTG (60 ug/ml final concentration) and the bacteria allowed to replicate for a further 6-8 hr at 37°C. Bacteria 
were then harvested and chimaeric core particles, with N-terminal peptide epitopes, purified and characterised 
30 as previously described (Clarke et al, Nature 330. 381-383, 1987; Francis and Clarke, 1989). 

Example 11: Coupling of HBsAg to HRV2 cores 

HRV2 cores from Example 10 were denvatised with an equimolar amount of SMCC in DMF. The amount 
35 of SMCC was one-twentieth the volume of DMF. Yeast-expressed HBsAg were denvatised at 200 ug/ml with 
x , t ^5ATA4p, e^u{n^qlar ratios of DMR^Tlie amo^ jhe volijme ptOMF. After deacety- 

lation of the SATAwith hydroxylamine to produce free -SH groups, equal volumes of the two denvatised par- 
tides, each of 200 ug/ml, were mixed. The HRV2 cores with HBsAg attached were recovered. 

40 

Claims 

Claims for the following Contracting States : BE, CH, DE, DK, FR, GB, IT, U, NL, SE 

45 1. Hepatitis B core antigen (HBcAg) particles which carry a polypeptide which presents an antigenic epitope, 
characterised In that the HBcAg particles are composed of HBcAg provided with 8 N-terminal extension 
incorporating a Lys residue within the first fourteen N-terminal amino acid residues of the extension and 
the said polypeptide is coupled to the particles via the side chain amino group of the Lys residue. 

50. 2. Particles according to claim 1 , wherein the polypeptide comprises an antigenic epitope capable of raising 
neutralising antibodies. 

3. Particles according to claim 2, wherein the epitope is an epitope of a virus, bacterium, or protozoan. 

^ 4. Particles according to any one of the preceding claims, wherein the polypeptide is up to 50 amino add 
residues long. 

5. Particles according to any one of the preceding claims, wherein the N-terminal extension is up to 60 amino 
acid residues long. 
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K 6. Particles according to dalm 5, wherein the N-terminal extension is up to 40 amin acid residues long. 

7. Particles according to clafrn 6, wherein the N-terminal extension is up to 20 amino acid residues long. 

8. Particles according to any one of the preceding claims, wherein the N-terminaJ extension comprises re- 
sidues 95 to 102 of the VP1 capsid protein of a type 1 poliovirus or residues 156 to 164 of the VP2capsid 
protein of human rhinovirus (HRV) type 2 or equivalent amino acid residues of another HRV. 

9. Particles according to any one of the preceding claims, wherein one Lys residue is present within the first 
twelve N-terminal amino acid residues of the extension. 

10. Particles according to claim 9, wherein one Lys residue is present within the f irst five N-terminal amino 
acid residues of the extension. 

11. Particles according to any one of the preceding claims, wherein two Lys residues are present within the 
first fourteen N-terminal amino acid residues of the extension. 

12. Particles according to any one of the preceding claims, wherein the HBcAg provided with the N-terminal 
extension is carboxymethyiated. 

13. A process for the preparation of HBcAg particles which carry a polypeptide which presents an antigenic 
epitope, characterised in that the polypeptide is coupled to HBcAg particles, which are composed of 
HBcAg provided with a N-terminal extension incorporating an exposed Lys residue within the first fourteen 
N-terminal amino acid residues of the extension, via the side chain amino group of the Lys residue. 

14. A process according to daim 1 3, in which the HBcAg provided with the N-terminal extension is carboxy- 
methyiated prior to coupling of the polypeptide. f 

15. A pharmaceutical composition comprising a pharmaceutical^ acceptable carrier or dDuent and, as active 
principle, HBcAg partides as defined in any one of daims 1 to 12 or which have been prepared by a proc- 
ess as daimed in daim 13 or 14 which carry a polypeptide which presents an antigenic epitope. 

Claims for the following Contracting State : ES 

1. A process for the preparation of HBcAg partides which carry a polypeptide which presents an antigenic 
epitope, which process comprises the step of coupling the polypeptide to HBcAg particles, which are com- 

first fourteen N-terminal amino add residues of the extension, via the side chain amino group of the Lys 
residue. 

2. A process according to daim 1, in which the HBcAg provided with the N-terminal extension is carboxy- 
methyiated prior to coupling of the polypeptide. 

3. A process according to daim 1 or 2, wherein the polypeptide comprises an antigenic epitope capable of 
raising neutralising antibodies. 

4. A process according to daim 3, wherein the epitope is an epitope selected from an epitope of a virus, an 
epitope of a bacterium and an epitope of a protozoan. 

5. A process according to any one of the preceding daims, wherein the polypeptide is up to 50 amino add 
residues long. 

6. A process according to any one of the preceding daims, wherein the N-terminal extension is up to 60 ami- 
no acid residues long. 

7. A process according to daim 6, wherein the N-terminal extension is up to 40 amino add residues long. 

8. A process according to daim 7, wherein th N-terminal extension is up to 20 amino acid residues long. 

9. A process according to any one f t he preceding claims, wherein the N-terminal extension is selected from 
an extension which c mprises residues 95 to 1 02 f the VP1 capsid protein of a type 1 poxvirus and an 
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extension which comprises residues 1 5S to 1 64 fth VP2capsid protein ofhumanr hinovirus (HRV) type 
2 or equivalent residues of another HRV. 

10. A process according to any ne of preceding claims, wherein one Lys residue is present within the first 
twelve N-termina! amino acid residues of the extension. 

11. A process according to claim 10, wherein one Lys residue is present within the first five N-terminal amino 
actd residues of the extension. 

12. A process according to any one of the preceding claims, wherein two Lys residyes are present within the 
first fourteen N-terminal amino acid residues of the extension. 

13. A process according to any one of the preceding claims, further comprising forming a pharmaceutical 
composition by formulating a pharmaceutical^ acceptable carrier or diluent with the said HBcAg particles 
carrying the polypeptide which presents an antigenic epitope which have been obtained. 

Patentanspruche 

PatentansprQche fur folgonde Vertragsstaaten CH, DE, DK, PR, GB, IT, U, NL, SE, BE 

1. Hepatitis B-Kernantigen (HBcAg)-Teiichen, die ein PoJypeptid tragen, das ein antigenes Epitop aufweist, 
dadurch gekennzelchnet, daB die HBcAg-Teflchen zusammengesetzt sind a us HBcAg, das mtt einer N- 
endstandigen Erweiterung mit einem Lys- Rest innerhalb der ersten 14 N-endstand igen Aminosaurereste 
der Erweiterung versehen ist, wobei das Potypeptid an die Teilchen fiber die Seftenketten-Aminogruppe 
des Lys-Restes gekuppelt 1st - . 

2. TeQchen nach Anspruch 1, wobei das Potypeptid ein antigenes Epitop aufweist, das zur Bfldung von neu- 
tralisierenden Antikfirpern befShigt isL 

3. Teflchen nach Anspruch 2, wobei es sich beim Epitop urn ein Epitop eines Virus, Bakteriums oder Proto- 
zoons handelt 

4. Teachen nach einem der vorstehenden Anspruche, wobei das Polypeptid eine Lange von bis zu 50 Ami- 
no saureresten aufweist 

5. Teacnehnacliem 

bis zu 60 Aminosaureresten aufweist 

6. Teflchen nach Anspruch 5, wobei die N-endstandige Erweiterung eine Lange von bis zu 40 Aminosaure- 
resten aufweist 

7. Teflchen nach Anspruch 6, wobei die N-endstandige Erweiterung eine Lange von bis zu 20 Aminosaure- 
resten aufweist 

8. Teflchen nach einem der vorstehenden Anspruche, wobei die N-endstandige Erweiterung die Reste 95- 
102 des VP 1-Capsid- Proteins eines Typ 1-Pdliovirus oder die Reste 155-164 des VP2-Capsid-Proteins 
von humanem Rhinovtrus (HRV) Typ 2 oder iquivalente Aminosaurereste eines anderen HRV umfaBt 

9. Teflchen n ach einem der vorstehenden Anspruche, wobei 1 Lys-Rest innerhalb der ersten 1 2 N-endstan- 
digen Aminosaurereste der Erweiterung vorhanden ist 

10. Teflchen nach Anspruch 9, wobei ein Lys-Rest innerhalb der ersten 5 N-endstandigen Aminosaurereste 
der Erweiterung vorhanden ist 

11. Teflchen nach einem der vorstehenden Anspruche, wobei 2 Lys-Reste innerhalb der ersten 14 N-endstan- 
dig n Aminosaurereste der Erweiterung vorhanden sind. 

12. Teflchen nach einem der vorsteh nden Anspruche, wobei das HBcAg, das mit der N-endstandigen Er- 
weiterung versehen ist, carboxymethyliert ist 
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13. Verfahren zur Herstellung von HBcAg-Teilchen, di ein Polypeptid trag n, das ein antigen es Epitop auf- 
weist, dadurch gekennzeichnet da& das Polypeptid an HBcAg-Teilchen, die aus HBcAG, das ine N-end- 
stindige Erweiterung mit einem frefliegenden Lys-Rest innerhaJb der ersten 14 N-endstdndigen Amino- 
siurereste der Erweiterung aufweist zusammengesetzt sind, Ober di Seitenkette-Amfnogruppe des 
Lys-Restes gekuppelt ist 

14. Verfahren nach Anspruch 13, wobei das HBcAg der N-endst3ndigen Erweiterung vor der Kupplung des 
Polypeptide carboxymethyitert wird. 

15. Pharmazeutische Zusammensetzung, enthaitend einen pharmazeutisch vertriiglichen Tragerstoff oder 
Verdunnungsmittel und als Wirkstoff HBcAg-Teilchen, die der Definition in einem der Anspruche 1-12 ent- 
sprechen oder die gema& einem Verfahren nach Anspruch 13 oder 14 hergesteDt worden sind, die ein 
Polypeptid mit einem antigenen Epitop tragen. 

Patontanspruche fur folgonden Vortragsstaat : ES 

1. Verfahren zur Herstellung von HBcAg-Teilchen, die ein Polypeptid tragen, das ein antigenes Epitop auf- 
weist umfassend die Stufe der Kupplung des Polypeptids an die HBcAg-Teilchen, die aus HBcAg, das 
mit einer N-endstandigen Erweiterung mit einem freiliegenden Lys-Rest InnerhaJb der ersten 14 N-end- 
sEndigen Aminosaurereste der Erweiterung versehen ist, zusammengesetzt sind, Ober die Seitenketten- 
Aminogruppe des Lys-Restes. 

2. Verfahren nach Anspruch 1 , wobei das HBcAg mit der N-endstandigen Erweiterung vor der Kupplung des 
Polypeptids carboxymethytiert worden ist 

3. Verfahren nach Anspruch 1 oder 2, wpbel das Polypeptid ein antigenes Epitop aufweist, das zur Bildung 
von neutralisierenden Antikdrpern befahigt ist ' 

4. Verfahren nach Anspruch 3. wobei es sich beim Epitop urn ein Epitop eines Virus, Bakteriums oder Pro- 
tozoons handeJL 

5. Teflchen nach einem der vorstehenden AnsprOche, wobei das Polypeptid eine Ldnge von bis zu 50 Ami- 
nosSureresten aufweist 

6. Verfahren nach einem der vorstehenden AnsprOche, wobei die N-endstdndige Erweiterung eine Linge 
von bis zu 60 Aminosaureresten aufweist 

7. Verfahren nach Anspruch 6, wobei die N-endstandige Erweiterung eine Lange von bis zu 40 Aminosiu- 
reresten aufweist 

8. Verfahren nach Anspruch 7, wobei die N-ends&ndige Erweiterung eine Lange von bis zu 20 Aminosau- 
reresten aufweist 

9. Verfahren nach einem der vorstehenden Anspruche, wobei die N-endst3ndige Erweiterung ausgewihlt 
ist unter Erweiterungen, die die Reste 95-102 des VP1-Capsid-Proteins eines Typ 1-Pdbvirus oder die 
Reste 156-164 des VP2-Capsid-Proteins von humahem Rhinovirus (HRV) Typ 2 oder dqurvalente Reste 
eines anderen HRV umfassen. 

10. Verfahren nach einem der vorstehenden AnsprOche, wobei 1 Lys-Rest innerhaJb der ersten 12N-endstdn- 
digen Aminosaurereste der Erweiterung vorhanden ist 

11. Verfahren nach Anspruch 1 0, wobei ein Lys-Rest inner halb der ersten 5 N-end sta" ndige n Aminosaurereste 
der Erweiterung vorhanden ist 

12. Verfahren nach einem der vorstehenden Anspruche, wobei 2 Lys-Reste innerhalb der ersten 14 N-end- 
standigen Aminosaurereste der Erweiterung vorhanden sind. 

13. Verfahren nach einem der vorstehenden AnsprOche, ferner umfassend die BQdung iner pharmazeuti- 
sch n Zusammensetzung durch Herrichten eines pharmazeutisch v rtraglich n Tragers oder Verdun* 
nungsmittelsmitdenerhaltenenHBcAg-Teachen,di das Polypeptid trag n, das ein antfg nes Epitop auf- 
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weist 


Revendications , 

Revendications pour Kes Etats contractants sulvants : BE, CH, DE V DK, FR, GB, IT, LI, NL, SE 

1. Particules de I'antigene du coeur de I Apatite B (HBcAg) qui portent un polypeptide qui presents un Epi- 
tope antigenique, caracterisees en ce que les particules HBcAg sont composes de HBcAg muni (Tune 
extension N-terminale incorporant un residu lysine dans les quatorze premiere residua aclde amln6 N- 
terminaux de I'extension et en ce que le polypeptide est couple aux particules par le radical amino de 
chaTne Iat6rale au residu lysine. 

2. Particules suivant la revendication 1 . ou le polypeptide comprend un epitope antigenique capable de pro- 
duce des anticorps neutralisants. 

3. Particules suivant la revendication 2, ou Pepitope est un epitope de virus, de bacteria ou de protozoaire. 

4. Particules suivant Tune quelconque des revendications precedentes, ou le polypeptide a une longueur 
de jusqu'd 50 residus acide amine. 

5. Particules suivant Tune quelconque des revendications precedentes, ou I'extension N-terminale a une 
longueur de jusqu'a 60 residus acide amine. 

6. Particules suivant la revendication 5, ou I'extension N-terminale a une longueur de jusqu'a 40 residus aci- 
de amine. 

/ 

7. Particules suivant la revendication 6, ou ('extension N-terminale a une longueur de jusqu'a 20 residus aci- 
de amine. 

8. Particules suivant Tune quelconque des revendications precedentes, oO I'extension N-terminale 
comprend les residus 95 a 102 de la proteine de capside VP1 (fun poliovlrus de type 1 ou les residus 
1 56 d 1 64 de la proteine du capside VP2 du rhinovirus humain (HRV) de type 2 ou les residus acide amine 
equivalents d'un autre HRV. 

9. Particules suivant Tune quelconque des revendications precedentes, ou un residu lysine est present dans 
^ leiat tfduze premiere residuis acide a v.,..^^ - . r v:«:r. W :.T, 

1 0. Particules suivant la revendication 9, od un residu lysine est present dans les cinq premiers residus acide 
amine N-terminaux de I'extension. 

11. Par tfcules suivant rune quelconque des revendications precedentes, oti deux residus lysine sont presents 
dans les quatorze premiers residus acide amine N-terminaux de I'extension. 

12. Particules suivant Tune quelconque des revendications precedentes, ou le HBcAg muni de {'extension N- 
terminale est carboxyrnethyte. 

13. Precede pour la preparation de particules de HBcAg qui portent un polypeptide qui presents un epitope 
antigenique, caracterise en ce que le polypeptide est couple aux particules HBcAg, qui sont com posses 
de HBcAg muni (Tune extension N-terminale incorporant un residu lysine expose dans quatorze premiers 
residus acide amine N-terminaux de i'extension par le radical amino de chaTne laterale du residu lysine. 

14. Precede suivant la revendication 13, dans lequel le HBcAg muni de I'extension N-terminale est carboxy- 
rnethyte avant le couplage avec le polypeptide. 

15. Composition pharmaceutique comprenant un excipient ou dfluant pharmaceutiquement acceptable et, 
comme principe actif, d s particules HBcAg def inies dans Tun quelconque des revendications 1 a 12 ou 
qui ont ete preparees par un precede utvant la revendication 13 ou 14 qui porte un polypeptide qui pre- 
sents un epitope antigenique. 
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Revendlcations p ur TEtat eontractant suivant : ES 

1. Precede de preparation de particules HBcAg qui portent un polypeptide qui presente un epitope antige- 
nique, lequei precede comprend I'etape de couplage du polypeptide aux particules HBcAg, qui sont 
compos6es d'HBcAg muni d'une extension N- terminate incorporant un residu lysine expose dans ies qua- 
torze premiers residus acide amine N-terminaux de I'extension, par le radical amino de la chaTne laterale 
du residu lysine. 

2, Precede suivant la revendication 1, dans lequei le HBcAg muni de I'extensiorvN-terminale est carboxy- 
methyie avant le couplage au polypeptide. 

3» Precede suivant la revendication 1 ou 2, dans lequei le polypeptide comprend un epitope anttgdnique ca- 
pable de produce des anticorpa neutralisants. 

4. Precede suivant la revendication 3, dans lequei Epitope est un Epitope choisi par mi un epitope de virus, 
un epitope de bacteria et un epitope de protozoa ire. 

5. Precede suivant Tune quelconque des revendlcations precedentes, dans lequei le polypeptide a une lon- 
gueur de Jusqu'a 50 residus acide amine. 

6. Precede suivant I'une quelconque des revendlcations precedentes, dans lequei I'extension N-terminale 
a une longueur de jusqu'a 60 residus acide amine. 

7. Precede suivant la revendication 6, dans lequei {'extension N-ter minal e a une longueur de jusqu'a 40 re- 
sidus acide amine. 

8. Precede suivant la revendication 7, dans lequei I'extension N-terminale a une longueur de jusqu'a 20/re- 
sidus acide amine. 

9. Precede suivant I'une quelconque des revendlcations precedentes, dans lequei I'extension N-terminale 
est choisie par mi une extension qui comprend Ies residus 95 a 102 de la prottine de capside VP1 (fun 
poliovirus de type 1 et une extension qui comprend Ies residus 156 a 164 de la protein e de capside VP2 
d'un rhinovirus humain (HRV) de type 2 ou des residus equivalents (fun autre HRV. 

10. Precede suivant fune quelconque des revendlcations precedentes, dans lequei un residu lysine est pre- 
sent dans Ies douze premiers residue acide amine N-terminaux de I'extension. 

11. Precede suivant la revendication 10. dans lequei un residu lysine est present dans Ies cinq premiers re- 
sidus acide amine N-terminaux de I'extension. 

12. Precede suivant fune quelconque des revendlcations precedentes, dans lequei deux residus lysine sont 
presents dans Ies quatorze premiers residus adds amine N-terminaux de I'extension. 

13. Precede suivant I'une quelconque des revendlcations precedentes, comprenant, de plus, la formation 
cfune composition pharmaceutique par formulation (fun diluant ou excipient pharmaceutiquement accep- 
table avec Ies particules HBcAg portant le polypeptide qui presents un epitope antigenique qui ont eta 
obtenues. 
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